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ABSTRACT 



Context. The detection with CoRoT of solar-like oscillations in nearly 800 red giants in the first 150-days long observational run 
paves the way for detailed studies of populations of galactic-disk red giants. 

Aims. We investigate which information on the observed population can be recovered by the distribution of the observed seismic 
constraints: the frequency of maximum oscillation power (v,„ax) and the large frequency separation (Ay). 

Methods. We propose to use the observed distribution of y„,ax and of Av as a tool for investigating the properties of galactic red-giant 
stars through comparison with simulated distributions based on synthetic stellar populations. 

Results. We can clearly identify the bulk of the red giants observed by CoRoT as red-clump stars, i.e. post-flash core-He-buming 
stars. The distribution of v^.^,^ and of Av gives us access to the distribution of the stellar radius and mass, and thus represent a most 
promising probe of the age and star formation rate of the disk, and of the mass-loss rate during the red-giant branch. 
Conclusions. CoRoT observations are supplying seismic constraints for the most populated class of He-burning stars in the galactic 
disk. This opens a new access gate to probing the properties of red-giant stars that, coupled with classical observations, promises to 
extend our knowledge of these advanced phases of stellar evolution and to add relevant constraints to models of composite stellar 
populations in the Galaxy. 
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1. Introduction 



The CoRoT satellite jBaglin & Fridlundl l2006l) is providing 
high-precision, long, and uninterrupted photometric monitor- 
ing of thousands of stars in the fields primarily dedicated to 
the search for exoplanetary systems (EXOField). These ob- 
servations reveal a wealth of information on the properties 
of solar-like oscillatio ns in a large number of red giants (see 
iDe Ridder et al.l2009l) . i.e. their oscillation frequency range, am- 
plitudes, lifetimes, and nature of the modes (radial as well as 
non-radial modes were detected). The goldmine of information 
represented by this detection is currently bei ng exploited. 

As described in detail by iHekker et all (12009) , about 800 
solar-like pulsating red giants were identified in the field of 
the first CoRoT 150-day long run in the direction of the galac- 
tic centre (LRcOl). Hekker et al. (2009) searched for the signa- 
ture of a power excess due to solar-like oscillations in all stars 
brighter than my -15 in a frequency domain up to 120 //Hz. They 
find that the frequency corresponding to the maximum oscilla- 
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tion power (Vmax) and the large frequency separation of stellar 
pressure modes (Av) are non-uniformly distributed. The distri- 
butions of Vmax and Av shows single dominant peaks located at 
~ 30 fiHz and ~ 4 /(Hz, respectively. The corresponding his- 
tograms are also shown in the lower panels of Figsl3] and |5] 
We note, however, that the detection of solar-like pulsations as 
in the low-frequency end (vmax ^ 20 //Hz) is compromised by 
the long-period trends, the activity, and granulation signal. We 
should therefore regard the observ ed distribution at the lowest 
frequencies as strongly biased (see iHekker et al.ll200 9). 

In this work we focus on the simplest and most robust seis- 
mic constraints provided by the observations, Vmax and Av, and 
on the informatio n they s upply on the stellar parameters. As 
suggested by Bro wn et al] (|l991), v^ax is expected to scale as 
the acoustic cutoff frequency of the star, which defines an upper 
limit to the frequency of ac oustic oscillation modes. Following 
iKieldsen & Beddind (Il995h and rescaling to solar values, v^ax 
can be expressed as 



M/Mq 



* The CoRoT space mission was developed and is operated by the 
French space agency CNES, with the participation of ESA's RSSD and 
Science Programmes, Austria, Belgium, Brazil, Germany, and Spain. 
** Postdoctoral Researcher, Fonds de la Recherche Scientifique - 
FNRS, Belgium 



3050 iMz. 



(1) 



The large frequency separation of stellar p modes, on the 
other hand, is well known to be inversely proportional to the 
sound travel time in the stellar interior, and is therefore related 
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Fig. 1. Theoretical Hess diagram of the population Tl simu- 
lated with TRiLEGAL. The dashed rectangle delimits the location 
in the HR diagram of the population of G-K giants considered 
in this work. The bar on the right shows the number of stars per 
log L/Lq - log Teff bin on a colour-coded logarithmic scale. 
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Fig. 2. Upper panel: Histogram showing the [Fe/H] distribution 
of the population of G-K giants simulated with tre^egal. Stars 
with [Fe/H] < -1 originate from the (negligible) contribution of 
the galactic halo. Lower panel: The mass distribution of the pop- 
ulation is represented by full bars, whereas empty bars illustrate 
the mass distribution of the progenitors of G-K giants. 



to t he mean density of the star by the following expression (see 
e.g. iKieldsen & Beddindll995l) : 



M/Mq 



134.9 //Hz. 



(2) 



In the following sections we investigate the properties of the 
underlying stellar population that determine the observed v,nax 
and Av distributions, and whether the presence of a single peak 
in ^max and Av is compatible with current models of red-giant 
populations in the galactic disk. 



2. Stellar population synthesis 

To simulate the composite stellar population observed in the 
LRcOl of CoRoT's EXOF ield, we used the stellar population 
synthesis code trilega iFl (.Girardi et al.ll2005l) designed to sim- 
ulate photometric surveys. In trilegal, several model parame- 
ters (such as the star formation history and the morphology of 
differ ent galactic compone nts) were calibrated to fit Hipparcos 
data jPerrvman et aljri997l) . as well as star counts from deeper 
photometric siirveys , such as 2M ASS. jCutri et alj|2003b . CDFS 
( lArnouts etall2001h . and DMS ( lOsmer et al.ll 19981)" 

In our TRE.EGAL simulation (Tl), we adopted the standard pa- 
rameters for the four components of the Galaxy (halo, bulge, 
thin and thick disk). We simulated the stellar population in the 
sky area observed by CoRoT during LRcOl (3.9 deg^ centred at 
a - 290.89°, 6 - 0.46°) and considered stars in the observed 
magnitude range (11 < my < 15). This population turns out to 
be dominated by thin-disk stars. 

The default star formation rate in the thin disk is assumed 
to be constant over the past 9 Gyr, and the age-meta lUcity re- 
lation is taken from lRocha-Pinto et alj ( l2000h . and the IChabrieij 
(l200l lo gnormal initial mass function is assumed. An exhaus- 
tive description of the evolutionary tracks used in the simulations 



is given bv lGirardi et al.l (l2005h and references therein. Here for 
the discussion that f ollows, we just recall that stellar models are 
computed assuming iReimer mass-loss rate with an effi- 

ciency parameter 77 = 0.4. 

An HR diagram showing the number density of stars (Hess 
diagram) of the synthetic population is presented in Fig.lT] where 
the main sequence and the red clump (RC) clearly appear as the 
most populated areas. We henceforth restrict our interest to the 
population of G-K giants (Fig. [TJ. In the HR diagram (see Fig. 
[TJ, the distribution of giants is not uniform and predominantly 
peaked in the red clump, near iso-radii lines corresponding to 
R =^ \Q Rq. The mass and metallicity distribution of the popu- 
lation is shown in Fig.|2] We notice that the mass distribution is 
significantly affected by the mass loss rate assumed during the 
ascent on the red-giant branch (RGB), which is relevant for stars 
with initial mass Mi < 2Mq. The metallicity distribution of the 
stars in the population shows a small contribution from halo stars 
with [Fe/H] < -1.0, and a mean close to the solar metallicity 
«[Fe/H]) = -0.15) with a standard deviation of 0.25. 



3. Observed vs. simulated 



and Av distributions 



http : // stev . oapd . inaf . it/cgi-bin/trilegal 



We now simply evaluate, by means of Eqs. [T]and|2] the theo- 
retical Vmax and Av distributions based on the properties (R, M, 
Teff) of the synthetic population presented in the previous sec- 
tion. Among all the stars in the population, we select G-K giants 
(0.5 < log L/L0 < 4 and 3.6 < log T^ff < 3.76, see Fig.©. As 
discussed in Sect. [T] we should restrict the comparison to Vmax 
> 20 fiHz. 

The Vmax distribution we obtain for Tl is reported in the up- 
per panel of Fig. |3] It is clear that the dominant maximum in the 
observed histogram (lower panel of Fig. 13) can be reproduced 
qualitatively by the stellar population model. 

The comparison with the observed Vmax distribution suggests 
that the bulk of CoRoT LRcOl pulsating giants are red clump 
stars. In Fig.|4] upper panel, we show the location in the HR di- 
agram of stars belonging to Tl and having 20 //Hz < v^ax < 50 
//Hz. This lets us identify the dominant peak in the distribution 
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Fig. 3. Histogram showing the comparison between the v^ax dis- 
tribution of the observed (lower panel) and simulated popula- 
tions of red giants: Tl (upper panel) and T2 (middle panel), 
where the effect of a recent burst in the star formation rate is 
considered (see Sect.©. 



3 
2.5 
3 2 
1.5 
1 

0.5 
3.75 

200 



50 R 



20 R 



10 R 



5 R 



3.7 



3.65 



3.6 



100 



1 1.5 



2 2.5 3 3.5 4 

M/M 



Fig. 4. Upper panel: HR diagram showing the position of stars 
in the population Tl with 20 fiHz < v^ax < 50 pHz. The radius 
distribution of these stars has a mean of 11.2 Rq with a stan- 
dard deviation of 1.5 Z?©. Lower panel: The mass distribution of 
the subpopulation in the upper panel is represented by full bars, 
whereas empty bars illustrate the mass distribution of their pro- 
genitors. 



as due to red-clump stars, i.e. low-mass stars with actual masses 
0.8 < M/Mq < 1.8 (see the lower panel of Fig.|4|, which are in 
the core He-burning phase after having developed an electron- 
degenerate core during their ascent on the RGB and passed the 
He-flash. This conclusion is also fully supported by the compar- 
ison between the observed and theoretical distribution of Av, as 
shown in Fig.|5] 

A clearer relation between the Vmax distribution and the prop- 
erties of the population can be inferred from Fig.|6) 




Fig. 5. Histogram showing the comparison between the Av dis- 
tribution of the observed (lower panel) and simulated popula- 
tions of red giants; Tl (upper panel) and T2 (middle panel). 
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Fig. 6. Vmax VS. log L/Lq for each star in the Tl population. The 
mass of the star is colour-coded (see colour bar on the right). 



- stars with Vmax ^ 20 pHz are predominantly high-luminosity, 
low-mass stars ascending the giant branch; 

- in the v^ax domain between 20 yuHz and 110 fiHz we can dis- 
tinguish the dominant contribution of red-clump stars, burn- 
ing helium at a nearly constant luminosity (logL/L© ^ 1.7, 
and Vmax in the 20-40 pHz range), and that of stars with 
1.8 < M/Mq < 2.5. The latter populate the slightly less lu- 
minou s (1.5 < logL/Lo < 1.8) secondary clump dGirardil 
119991) . and have higher v^ax (40 yuHz < v^ax ^ 1 10 yuHz); 

- the very few stars with even higher masses (M/Mq > 2.5) 
have larger radii and thus smaller v^ax (^70 yuHz); 

- only a negligible fraction of stars in the population have v^ax 
> 110 //Hz, a domain populated exclusively by low-mass, 
low-luminosity RGB stars. 

This leads to the existence of a maximum value of v^ax (-110 
juHz) for stars in the long-lived core-He-burning phase. 
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We note that the robustness of these results has been success- 
fully checked by using different synthetic population models, 
such as BASTi ( Pietrinferni et al. 2004) and the Besan§on model 
of the Galaxy (iRobin et all2003l) . 

4. Discussion 

The observed dominant peaks in the Vmax and Av distribu- 
tions are qualitatively explained by the models. Nevertheless, a 
Kolmogorov-Smirnov test shows that the discrepancies between 
the simulated and observed distributions are, from a statistical 
point of view, highly significant because the samples contain a 
large number of stars. 

As discussed in Sect. |2l the predicted v^ax distribution is af- 
fected by several parameters in stellar populations models. We 
note, however, that, since most of the stars belonging to the RC 
cover a limited range in radius, Vmax represents a valuable tracer 
of the mass distribution of the population (see Fig. [Hi. The mass 
distribution of RC stars is, in turn, highly dependent on the age 
and, more generally, on the star formation rate of the composite 
population, as well as on the mass-loss rate adopted during the 
RGB. 

As shown in Figs. [3] and |5] the position of the dominant peak 
in the observations is at a slightly lower frequency than in the 
theoretical v^ax and Av distributions. This discrepancy can be 
reduced by considering an older population or by increasing the 
star formation rate beyond 8 Gyr ago, which could also translate 
into a larger contribution of the 11-12 Gyr-old thick-disk popu- 
lation. A further possibility for reconciling the observed and pre- 
dicted Vmax distribution is that mass loss during the RGB is more 
efficient than accounted for in the models. In fact, while mass 
loss is needed to understand the observed properties of horizon- 
tal branch stars, there is no satisfactory physical description of 
this phenomenon or any general consensus on the empirical for- 
mula to describe it, in particular concerning its dependenc e on 
metallicity (see for a recent review Sect. 5 of ICatelanll2009l and 
references therein). 

The behaviour of the observed Vmax and Av distributions at 
values of v,nax <: 40 fjHz and Av > 5 fjHz qualitatively agree with 
Tl, where a constant star formation rate was adopted. However, 
various studies in the literature suggest that th e local disk experi- 
enced a recent burst of star formation (see e.g. iRocha-Pinto et alj 
120001) . We thus consider a second synthetic population (T2) 
where we simulate a recent burst in tre^egal by adding to Tl 
a young population, obtained assuming a constant star forma- 
tion rate between 0-1 Gyr. We find in T2 a significant increase 
in stars with relatively high Vmax and Av (as shown in the mid- 
dle panels of Figs.[3]and|5]l, caused by the increased population 
with M > 1.8 Mq. This comparison suggests that a recent SF 
burst is not supported by the observed distributions, though a 
detailed analysis of observational biases at Vmax^ 40 /vHz has to 
be carried out to make quantitative in ferences on the rece nt star 
formation rate of the local disk (see iHekker et alj|2009l for a 
discussion). 

5. Concluding remarlts and future prospects 

We obtain a robust identification of the bulk of CoRoT LRcOl 
red giants as red clump stars. This conclusion is only based 
on seismic constraints, namely on the comparison between the 
Vmax and Av distributions observed and those based on a syn- 
thetic stellar population. The latter was computed with the pop- 
ulation synthesis code trilegal, assuming standard parameters 



(see iGirardi et alj2005h to describe the morphology and the star 
formation history of the Galaxy components. 

There is very good global agreement between the observed 
and simulated distributions of v^ax and Av. However, the dom- 
inant peak in the observations is located at a slightly lower fre- 
quency than our theoretical v^ax and Av distributions, which sug- 
gests an underestimated fraction of low-mass stars. We find that 
possible solutions for a better agreement (i) increase the rela- 
tive contribution of the old (> 8 Gyr) population or (ii) increase 
mass loss during RGB. The behaviour at high frequencies can 
possibly rule out recent bursts of star formation (0-1 Gyr ago). 
To ascertain this point, a thorough discussion of possible obser- 
vational biases at high frequencies is needed, however. We note 
that a test of the scalings of v^ax and Av (Eqs.[T]and|2| in nearby 
well-constrained red-clump giants would also represent a ma- 
jor step in further validating the asteroseismic inferences. In this 
context, ground- and space-based observations of solar-like os- 
cillations in bright RC stars play a complementary role in the 
study of red-giant populations. 

As a further development of this study, we note that the 
asteroseismic identification of a large number of RC stars in 
the disk will also, when combined with additional photmet- 
ric/spectroscopic constraints, allow us to estimate the distances 
of the stars in the population, provided that metallicity/age ef- 
fects on the absolute RC magnitude are taken into account (see 
e.g. Salaris & Girardi 2002, and references therein) . 

In this Letter we have shown that the detection of solar-like 
oscillations in populations of red giants with CoRoT allows us to 
access the properties of (so far) poorly-constrained populations. 
Our view of the Galaxy and of its constituents promises to be 
enriched and sharpened by such constraints, and by the forth- 
coming observations of populations in different galactic fi elds 
with CoRoT and Kepler dChristensen-Dalsgaard et aT]|2008l) . 

Acknowledgements. The authors acknowledge L. Girardi, A. Pietrinferni, and S. 
Cassisi for their kind help with population synthesis codes. 
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